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SYNOPSIS: Five floors were added to a six storey building during its construction without carrying
but necessary ..structural calculations. When such calculations were later performed they revealed that
both the spread footing foundation and many columns were unsafe.The contact pressure beneath footings
exceeded the allowable soil pressure.
The repair method described in this paper depended on disregarding the spread footing foundation
and constructing a new deep foundation system for the existing building. This consisted of end
bearing bored piles drilled and cast in the voids between the footings using a special low rise rig.
The piles were connected to a rigid reinforced concrete raft located above the footings. The raft in
turn was connected to the ground floor columns by means. of reinforced concrete jackets. Unsafe columns
were repaired using reinforced concrete jackets. Settlement observations were carried out for a
sufficient period of time after repair with additionally applied test loads which showed satisfactory
results.
INTRODUCTION

SOIL INVESTIGATION

The problem which is being resolved in this paper
has arisen when the owner ahd contractor of a residential building had decided, during construction, to complete the building to eleven stories.
The building was originally designed to consist
of six floors only. This was accomplished without carrying out any further structural calculations and soil investigation. The local authorities prohibited the use of the building pending
a consultant engineer's report assuring the
safety of the building. ~he structural status
of the existing building had to be first carefully determined in order to evaluate its safety.
For this enQ·some of the procedures suggested by
Bresler (1985) were utilized. The following
steps were followed: (1) Soil investigation.
(2) Structural survey and (3) Structural calculations for the existing foundations and superstructure.

The spread footing foundations were designed to
support a six storey building. Moreover soil
data used in the design were assumed, rather than
measured, based on local experience in soil types
and f'ormations-of this area. It was necessary
therefore to carry out a proper soil investigation. Three boreholes were sunk around the building at the locations illustrated in Figure 1.
Boring depth was 17.00 m. Figure 4 shows a
typical borehole log. The borehole logs unexpectedly revealed that the spread foundations were
resting on a layer of' fill about 2.00 m thick
with relatively low bearing capacity.
STRUCTURAL SURVEY
The building was caref'ully examined from both
outside and inside where no cracks were observed.
The strength of concrete composing different
structural elements were determined using non
destructive testing by means of a rebound hammer
device, Clifton (1985). The cross sectional
dimensions of columns and beams were measured
and compared with those of the original design.
The footings were uncovered and their real dimensions were also measured together with the foundation depth. Only slight differences were found
between the actual dimensions and those in the
original design drawings. However a new set of
drawings for the building was prepared based on
the real measured dimensions.

The above study had shown that the foundations and some other structural elements were unsafe. The contact pressure beneath footings had
also exceeded the allowable safe soil. pressure.
An appropriate method of repair, believed to provide a l}.igh degree of' safety as well as economy,
was designed and constructed.
DESCRIPTION OF THE BUILDING
The building lies at the east bank of the Nile
River in Moneib aistrict at Giza zone of' the city
of Cairo. It is a residential eleven storey _
building constructed of reinforced concrete
skeleton consisting of columns, beams and slabs.
Figure 1 shows the ground floor plan. The
f'oundations consisted of isolated and combined
reinf'orced concrete footings, Figures 2 and 3.
Foundation level ~as -2.80 m from ground level.
Construction commenced in January 1983 and en~ed
in early 1985.
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STRUCTURAL REDESIGN
The loads acting on diff'erent structural elements
of the building were calculated for botn dead and
live load cases. The internal forces and stresses
were determined for beams and columns. The normal
stress in 10 columns at different ~loo~s exceeded
the allowable value. The contact pressure
beneath each footing was also determined. Its
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Plan of the Ground Floor

0

.:j·
-1.

R.C. seme!!e

o.~t±. .

0.7

o.

Fig. 2

Section A-A in the Old Foundations

Fig. 3

Plan Showing Old Spread Footing Foundation
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Figure 8 shows a cross section in the new foundation system. The distribution of piles was irregular following the location of void areas between the footings. This irregularity was taken
into consideration in the design of the raft.
The piles, raft and column jackets were designed
to carry both dead and live loads including wind
forces.
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In order to transfer column loads to the raft,
reinforced concrete jackets were used (Abdel Rahman, 1985). Jackets were also used to repair
the overstressed columns. Typical types of the
column jackets used are illustrated in Figure 6.
The surface of columns to be repaired were first
roughened then an adhesive epoxy was applied to
the surface. Steel reinforcement was placed in
place. Floor slabs above the repaired columns
were broken around columns and the slab was supported by timber struts. The resulting gaps were
used to cast concrete down into jacket forms.
These gaps also allowed the jacket reinforcement
to extend to a higher floor level, Figure 7.
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They were 400 mm diameter each and reinforced
with five 16 mm diameter rebars and a spiral
stirrup 8 mm diameter with 100 mm pitch. Due to
the limited head room of the ground floor, reinforcement cage for every pile was divided into
three parts each 4.75 m long. The three parts
were placed and spliced. The piles rested on
the dense sand layer at 14.00 m depth from
ground level. Allowable load per pile was 40 t.
Figure 5 shows the distribution of piles in plan.
Not more than one pile was bored near a footing
every day in order to avoid soil deformation
beneath the footing due to boring. The piles
were connected to a rigid reinforced concrete
raft whose bottom was 100 mm above the top of
the old foundations. This gap was filled with
sand to avoid loading of the old foundations by
direct contact.
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Settlement observations were taken for a sufficient period of time after repair with additionally applied test loads which showed satisfactory
results. The building has been safely used since
January 1987.
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CONCLUSIONS

Typical Borehole Log

A residential building subject to failure has
been successfully and economically repaired. The
susceptibility to failure of the building was
attributed to the following three reasons. 1- The
spread footing foundation of the building rested
on a weak fill layer with contact pressure exceeding the allowable safe soil pressure, 2- reinforced concrete footings were unsafe and 3- the
stresses in many columns exceeded the allowable
value. The adopted method of repair is thought
to be original. It also provides a very high
degree of safety to the building since a completely new deep foundation system was designed and
constructed. Both the weak fill layer and the
old spread footing foundations were disregarded
and relieved of loads. Unsafe columns were repaired using reinforced concrete jackets. Since
the problem was initially caused by alteration to
an existing building, attention is again drawn to
the importance of undertaking thorough structural
redesign calculations before executing such alterations

value for the case of dead load only ranged betweek 150 and 300 kN/m2 whereas the allowable
bearing pressure for the soil below the foundation was 75 kN/m2.
METHOD OF REPAIR
Common techniques for soil strengthening, such as
underpinning, had been considered and ruled out
since they would only improve the soil and not
the foundation. In the studied case, however it
has been proved that the spread footing foundation itself was too weak to support the eleven
storey building. The suggested solution depended
on disregarding the spread footings, designingand
constructing a completely new foundation system
for the existing building. This new foundation
system consisted of end bearing bored reinforced
concreted piles. The piles were bored and cast
in the void areas between the footings using a
specially manufactured low rise drilling rig.
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Fig. 5

Plan of the New Pile Foundation
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Section B-B in the New Pile Foundations
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